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The WIUC1 protein was found to be up-regulated in a 
spectrum of malignant tumors. T-cell responses to the MUC1 
extracellular tandem repeat array (TRA) were observed in 
murine models as well as in breast-carcinoma patients. In the 
present study, we evaluated the anti-tumor potential of 
H LA- A2.1 -motif-selected peptides from non-TRA domains of 
the molecule. Peptide immunogenicity was examined in the 
D b "7~ x p2 microglobulin ((12m) null mice transgenic for a 
modified HLA-A2.1/D h -(J2 microglobulin single chain (HHD 
mice). Our results show the existence of 3 novel HLA-A2.1- 
restricted MUCI-derived cytotoxic T-lymphocyte (CTL) epi- 
topes. These peptides are processed and presented by the 
HHD-transfected breast-tumor cell line MDA-MB-157. More- 
over, CTL induced by these 3 peptides show higher lysis of 
target cells pulsed with breast-carcinoma-derived peptides 
than of targets pulsed with normal breast-tissue-derived 
peptides. These data suggest an important role for non-TRA 
MUC1 -derived peptides as inducers of a MHC-restricted CTL 
reaction to a breast-carcinoma cell line and patient-derived 
tumor extracts. Jnt. I. Cancer 85:391-397, 2000. 
© 2000 Wiley-Liss, Inc. 

The treatment or prevention of cancer with vaccines has been an 
objective vigorously sought since the first vaccines against infec- 
tious diseases were developed. This quest is based on 3 premises: 
first, thete cm lii ii i fterencc between 

tumor cells and most normal cells; second, the immune system is 
ideally suited for identifying these differences; finally, the immune 
system could be instructed to recognize these differences and to 
effectuate tumor rejection. C ytoloxic f lymphocytes (CTL) di- 
ecl i t i tiumoi i i i ■ h ilC clus 1 

molecules constitute powerful effectors of the immune system 
against tumors. These peptides are usually 8 to 10 amino acids 
long, with 2 to 3 primary anchor residues that interact with the 
MHC-class-J molecules and 2 to 3 amino-acid residues that engage 
the T-ccll receptor (Rammensee et al, 1993). CTL lines arc among 
i i i ols isei or Li < cation and el irai > ization of TAA 
epitopes. 1 lowovor, iherc are several disadvantages in utiiizuie this 
strategy. First, it is difficult to establish carcinoma-associated C IT . 

riph I HI i. Second 

CTL lines derived from cancer patients nur. represent, at least 
partially, the repertoire of the anergized immune system. Finally, 
the in vitro propagation of CTL lines might enhance sporadic 
c lout i j 'u i i i I i i ii i 

clones. An alternative strategy, which bypasses these potential 
pitlal U, is based on the use of HLA transgenic mice. 

A number of studies have compared the CTL repertoire of 
defined peptides, restricted by HLA-A2.I in human PBL from 
HLA-A2.1 -matched patients, with CTL induced in IILA-A2.1- 
transgenic mice. Good concordance and an overlapping repertoire 
were found between the endogenous HLA-A2.1 and the murine 
transgenic HLA-A2.1 CTL repertoire, confirming the potential 
utility of such transgenic mice m the identification of human CTL 
epitopes (Sbirai et al.. 1095; Wcntworth et al.. 1096). Although 
vaccination with defined peptides in HLA transgenic mice showed 



a repertoire overlapping that of human PBL, vaccination of 
'i i 1 i tit r ' t - tcitis induced domi 

nam murine I l-2-resii ieted responses (Barra et al, 1993). In order 
■ t I responses, we used the D b "7~ X 

B2 microglobulin (|32m) null mice transgenic for a recombinant 
HLA-A2.1/D b -32 microglobulin single chain (HHD mice) (Pas- 
colo et al.. 19971.1 i ( ical Fll i n 
with selective destruction of murine H-2. Hence, unlike the 
classical F1LA transgenics, these mice showed only HLA-A2.1- 

rc t ctcd response ] ■ n such as intact 

viruses. In addition, HHD mice selected the same immunodomi- 

i t 1 I I i < i e i > i i ii it d 

HLA-A2.1 individuals (Pascolo et al.'. 1 097). Hence, these mice arc 
pi ;sumably a useful ! I o ident Ii ion and cha < cri; i on 
of potential tumor-derived HLA-A2.1 -restricted CTL epitopes, as a 
step toward anti-tumor-antigen-based vaccine preparation. 

Several methods have been employed to identify tumor- 
associated CTL epitopes. One such method is the identification of 
CTI epitopes subsequent to the search for MHC-binding motifs in 
known putative TAAs, as in the case of the breast-carcinoma- 
associated HER2/n.cu receptor (Fisk et al, 1995) or the colorectal- 
tumor-associated carcino-embryonic antigen (CEA) (Ras et al, 

'In potential i i 

th M ' I nit ii moipbi t n i n I 
the MUC1 gene, is a high-molecular-^ eight iransmemhranal 

1 mi expressed in a broad i mors (Grahan 

al, 1996; Ho et al, 1993). It was found that the growth rate of 
primal breast turn n d I the polyoma middi 1 ' i i is 
significantly slower in MUC1 null mice, suggesting that MFC I 
might piny a role in the prog:cssio:i ol'maniniary carcinoma (Spiccr 
et al., 1 995). A major feature of the MXJC 1 molecule is the presence 
of a highly immunogenic extracellular tandem repeat array (TRA) 
t ' 1 i ii i ,i 

carbohydrate structure of MUC1 in breast-cancer cells is probably 
responsible for the exposure of core epitopes within MUC1, 
i i '-in ei b nil ekai iniibodies (MAbs). by 
non-VlllC-rcstncteti CTL (liarnd el al., 1989), IlLA-AH- 
resrnctcri (Domenech et al, 1995) and HLA-A2.1 -restricted CTI. 
responses to the extracellular TRA (Apostotoponlos el al, 1997). 
However, it was suggested that mucirs can either inhibit (Van dc 
Wicl-van Remenade et al, 1993) or actively suppress ccll- 
incdiatcd responses again-; glyeosyhred 1 'K.A (Pong and Longe- 
ncckcr, 1991). Agrawal et al. (1998) have shown that synthetic 
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peptides derived from MIX* I TRA cause suppression of human 
T-cell proliferative responses. These observations point to an 
ambiguous role of MIX] TRA in T-cel! activation, in the present 
study, we describe '.be characterization of 3 novel HLA-A2.1- 
rcstrictcd MUC1 -derived CTL epitopes. These peptides arc not 
deduced from the extracellular TRA and are processed and 
pre>ented by a breast-tumor cell line. Moreover, CTL induced 
against these peptides lysed target cells pulsed with breast- 
carcmoina-derised peptide extracts more efficiently than target 
cells pulsed with normal-brcast-derived peptides. These results 
suggest an important role for non-TRA-MUCl -derived peptides as 
inducers of HI.A-restrictcd CTL responses to a breast-carcinoma 
cell line as well, as tumor extracts. 



MATERIAL AND METHODS 

Mice 

The derivation of HLA-A2.1/D b -p2 monochain, transgenic, 
H-2D b X p2m double-knockout mice (named HHD mice) has been 
described by Pascolo et al. (1997). 

Tumor cells 

MDA-MB-157 is a human breast-cancer cell line negative for 
i i i . T I 1 [ mo il ' 1 1 mi" >i id 1 9 7 4) Ihe 
MDA-MB-157-HHD clone is a HHD transfectant of MDA-MB- 
157 cells. RMA-S is a TAP-2 -deficient lymphoma clone of 
C57B1/6 origin. The RMA-S-HHD clone is a HHD transfectant of 
RMA-S cells. The RMA-S-.HHD-B7.1 clone is a HHD transfectant 
expressing the murine B7.1 co-stimulatory molecule. T2 is a 
TAP-2-deficicnt lymphoblastoid line of HLA-A2. 1 genotype. 

M "I 1 n ^ i t i ! 1 

FCS, 1 mM glutamine, combined antibiotics, 1 mM sodium 
pyruvate and 1% non-essential amino acids. MDA-MB-157-HHD 
transfectants were maintained in the same medium supplemented 
with 500 pg/ml of geneticin (Life Technologies, Paisley. I PC). 
RMA-S and T2 cells were maintained in RPM1 1640 containing 
10% FCS and combined antibiotics. 

I'ej it '< rr mln >sis 

Peptides were synthesized on an ABLMED AMS 422 multiple 
peptide synthesizer (Abimed, Langenfeld, Germany), employing 
the a-N-lluom i l i ^ a I t 1 i • fl vine th 

commercially available manufacturer's protocols. Peptide-chain 
assembly was conducted on a 2-chlorolrityl chloride resin (\ova- 
biochem. I .aufelftngen. Switzerland). C rude peptides were purified 
to homogeneity by revcrsed-phase HPLC on a semi-preparative 
silica C-8 column (250 X 10 mm; Lichnonorb RP-8; Merck, 
Darmstadt. Germany). Llution was accomplished by a linear 
gradient . )b icd between 0. 1% TFA in water and 0.1% TEA in 
70% acetonitrile in water (v/v). Composition of the products w as 
dele: mined by amino-acid analysis (automatic ammo-acid ana- 
lyzer; Dioncx, Sunnyvale, CA) after extraction acid hydrolysis. 
Molecular weight was ascertained by mass spectrometry (VG 
ii t > 1 i i pee i i Munches 

ter, UK). 

Preparation o] tumor-extract peptides 

Total acid-extracted peptides of breast tumor or of normal 
adjacent tissues were prepared from a pool of 5 to 6 post-surgical 
breast-cancer specimens. Non-necrolic (1-2 cm) tumor masses 
were homogenized in PBS, 0.5% Nonidct P-40, 10 pg/ml soybean 
trypsin inhibitor, 5 pg/ml leupeptin, 8 pg/ml aprotonin and 0.5 mM 
PtvISF, and homogenized using a glass-Teflon homogenizer. Pol low- 
in til i i t i i 
with 10% TFA to a final concentration of 0. 1 % TFA and stirred for 
another 30 min at 4°C. After ultraccntrifugation for 30 min at 

' _ Hi i 1 1 it tils i iplied to Sephadcx (i oluiim 

and fractions were monitored al optical density (OD) 230 nm. 
Peptide fractions below 10 kDa were pooled, lyophilized and 
further fractionated by Centriprep 3 eentri rogation t At neon. 



Beverly, MA). Lyophilized samples were dissolved in sterile 
doubk.-uis.uUed water, freed from TFA by repeated lyophilization 
u I 1 ill n i t i d i i it i of 

OD of 230 nm. T he yields from both tumor and normal tissue were 
130 to 160 OD of 230 nm/g. Following lyophilization, the peptide 
pool was dissolved in opti-MK.M (fife rechriologies) at 30 to 50 
OD 230 nm/ml for further use. 

Peptide huiding for FACS analysis 

} i i i RMA-S-H 'i i t s perl'om i 
follows. After the cells were washed 3 times in PBS, the surface 
i 1 . mot) tain ibilized b\ a 4 i a 

2(FC. Synthetic peptides, or pepade extracts were added to 5 X 10 5 
cells in 50 pi of opti-MEM (Life Technologies) lo a concentration 
of 1 to 100 uM and/or 0.25 lo 1 OD of 230 nm respectively. The 
cells were incubated for 2 to 3 hr at 37°C prior to FAC S amfysis 
(Becton Dickinson. Canberra. Australia). 

\t it i i vf peptide himi'mz hvsmhili-aiittn o! ceU-smfuu- 
MHC and expression ofMUCl 

Peptide binding to HHD single chain was measured by stabiliza- 
tion of HHD on RMA-S-HHD transfectants, using an indirect 
FACS assay as follows: 5 X 10 s peptidc-Ioaded TAP2-dcficicnt 
RMA-S-HHD cells (see peptide loading) were incubated with 
anti-l I LA MAb for 30 min at 4°C. After the cells were washed with 
PHS-0.5" . BS \ - (t I" i sodi n a idc \\ - ond Ab, goat 
anti-mouse -F1TC (Jackson Laboratories, Bar Harbor, ME), was 
applied for 30 min at 4°C. Following washing, the amount of bound 
antibodies was detected by KACScan. The cell-surface expression 
of MUC1 on MDA-MB-157 was detected by the same FACS 
protocol using anti-MUCl MAb H23 (a kind gift of Dr. Y. Kcydar, 
a to i 1 i i lei-Aviv Univer 

shy). 

Mouse MAbs B-9- 1 2, W6/32 (anti-HLA A,B,C) 28-1 4-8 (anti-H- 
2D b ct3 domain) and BB7.2 (anti-HLA-A2.1) were used for 

Vaccination 

Mice were immunized i.p. 3 times at 7-day intervals with 2 X 
10 irradiated (5000 rad) tumor cells, or with irradiated pepttde- 
loaded RMA-S-HHD-B7.1 transfectants. Peptide loading of RMA- 
S-HHD-B7.1 cells was performed as follows. The cells were 
washed 3 times in PBS, then cell-surface expression of HHD 
monochain was stabilized by 4-hr culture at 2b"C. Synthetic 
peptides or peptide extracts were added to 1 0 X 1 0 6 cells in 1 ml of 
opti-MEM (Life Technologies) to a concentration of 100 uM or 1 
OD of 230 nm respectively. The cells were incubated overnight at 
26°C and for 3 additional hr at 37°C. Peptide-loaded RMA-S-HHD- 
B7.1 cells were irradiated (5000 rad), washed, re-suspended in PBS 
mdin 1 i ink n mixed i in 3-1 III! > 

B7.1 cells were loaded separately with each peptide and pooled 

In \ itro cytotoxicity assays 

I I < L l it ,als, With 2 X 

10'' irradiated (5000 rad) tumor cells or with pcptidc-loadcd 
RMA-S-HHD-B7. 1 transfectants. Spleens were removed on day 10 
alter the last immunization, and splenocytes were re-siimulaled in 
vitro, either with irradiated tumor cells (for mice immunized with 
tumor cells) or with one third of the lymphocytes pulsed with 100 
fiM syntactic peptides or 1 OD 230-nm patient-derived extract in 
opti-MEM (Lite Technologies) for 2 hr at 37°C, 5% C0 2 . 
Re-stimulated lymphocytes were maintained in RPMI-HEPES 
medium containing 10% ICS, 1 mM glutamine, combined antibiot- 
ics, 1 mM sodium pyruvate, 10 mM HEPES, pH 7.4, 5 X 10 5 M 
p-mercaptocthanol and 1% non-essential amino acids for 5 days. 
Viable lymphocytes (effector cells) were separated by Lympho- 
lyte-M (Ccdarlane, Hornby, Canada) centrifugation, re-suspended 
in RPMI-HEPES and admixed at different ratios with 5 X 10 3 
35 S-mefhionine-labeled peptide-loaded RMA-S-HHD cells. CTL 
assays were performed in I -shaped microliter webs, at 37°C, 5% 
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C0 2 for 5 hr. Cultures were terminated by ccntrii'imalion 
for 10 mint at 4°C. A total of 100 ^ of the superiuUmts was mixed 
with scintillation fluid and measured in a beta counter (Hceton 
Dickinson). Percentage of specific lysis was calculated as follows: 
% lysis =-' (cpm i r 1 1 - i laneou i 

(cpm maximal release - cpm spontan is lease i 100 Sponta- 
neous release was determined by incubation of 1 00 labeled target 
cells with 100 jjU of medium. Maximal release was determined by 
lysis of target cells in 100 til 0.1 M NaOH. 

RESULTS 

Screening for MUCl-ikrived HLA-A2. 1 -restricted peptides 

In this study we focused on the identification of HLA-A2.1 TAA 
peptides derived from the entire MUCl molecule. The MUCl 
amino-acid sequence was screened for potential 11LA-A2.L 
' i i i 1 i i p ! i i mdepen bn ( i > 

individual peptide side -chains" ( Parker ,_ral , IW|. Eight MUCl - 
derived peptides were selected and synthesized. Table I summa- 
rizes MIX* I -i i t< i I Lilian Im 

scores. These peptides, of 9 residues, are derived from the signal 
peptide t 10} i 1 t 'tii , the MUCl 

protein. Yet none of these peptide sequences is located within the 
i t i the pepn > v 

peptide has an identical sequence with the MUC l murine homolog. 

Hi A A2 1 b _ i^ll 1 1 i 

HAC'S analysis. I'he -.elected peptides were loaded on the murine 
TAl'2-dc£tcient RMA-S-HHD transfectants (HLA-A2.1/D b -02rn 
single chain) and MHC stabilization was monitored (Inc. I). 
UthiHij IS peptides bounc eientl t the l-to-100 uM range, 3 
peptides, MUC1/D6, MUC1/E6 and MUC1/A7, exhibited high 
binding affinity. We obtained similar binding affinities of these 
ills tied i i i I i i i 

l l I ii i LA-.A i I [i sh n). 

To monitor the relative levels of HLA-A2.1 -binding peptides in 
tii [ .ii ted peptides. RMA-S 

cells were loaded with equivalent amounts of extracts and HHD 
stabilization was determined in comparison with tyrosinase- 
stabih/cd ETHD (Fig. 2). The data show that similar levels of 
'. I * lii pepti dc i cim i 1 ir normal 

tissue-derived peptide extracts. 

CTL response in HHD mice induced by pooh of MUCl peptides 

Synthetic peptides corresponding to the MUCl TRA epitopes 
were shown to induce CTL in patients (Domenech et a/., 1995) as 
well as in HLA-A2.1 \K b transgenic mice ( Apostolopoulos et a!., 
1 997). We first examined the lysis patterns of each of the individual 
i i >adcd ot lis following immun i i a pool 

of all MUCl-derived synthetic peptides (Fig. 3a). CTL resulls 

i 1 ill l 1 vl s i i r 1 1 1 1 i , , I I ] d 'll i 

with the MUC1/D6 peptide (38%) or with the MUCl /A 7 peptide 
(32%). Lysis of 15% was obtained with the MUC1/E6 and 
Ml t( 1 T ] a I i l I 
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MUC1/C6 
MIX 1/06 
Ml CI 'Lb 

M i i i 

MUCl /Ha 
MUCl / A 7 
MUC1/F6 



441-450 
519 5?8 
412-42 i 
226-234 



LLLLTVLTV 
LiLLTVLTVV 
FLSFHISNL 
LLVLVCVLV 
ALLVLVCVL 
SLSYTNPAV 
NLTISDVSV 
ALAS TAP PV 



69.5/2 



'Ml 'CI -derived peptides were selected according to the known 
o i li su mot 1 tbi p. [ lul bo rj by M \ "1 Peptide dc ra 

lion. ---'Posi'ion of first and last amine) aeie in tie ptotein scqeeucc.- 
\ i it I m cue of the peptides. i I i tun t i 

half the time for dissociation of the peptide-HLA complex. 



Mean Fluorescence 

Figure 1 - Stabilization of cell-surface MHC by MUCl-derived 
peptides. MUCl-dcrivcd pcatidcs were loaded at vatious concentra- 
tions (1-100 uM) on TAP2-deficient RMA-S-HHD cells as described, 
and indirect FACS analysis was performed bv incubating 5 X 10 5 
loaded cells with anti-HI A-A2.I M Ah BB7.2 for 30 min at>C. After 
the cells were washed with PBS-0.5% Its \ o I % sodium aziee. the 
secondary Ab goat anti-mouse-FITC was applied for 30 min at 4°C. 
ii i i ' 1 were 

i 1 i FA c 1 flu ci I I i i I .) hi 

ULA-A2.i-bmdiiig tyroain p esc 

positive ontrol mi unit I HFli i -name control. 

I si ' ill | Ml i t 



lysis. Immun on of HHD i i IU< | 

showed 40% lysis for MUCl /A 7 or MUCl 1)6 and 75% lysis for 
MUC1/E6, while RMA-S-HHD targets loaded with the melanoma- 
specific HLA-A2. 1 -binding tyrosinase peptide showed background 
lysis (Fig. 3b). Hence, MUC1/D6, MUCl /A 7 and MUC1/E6 
c I CTL sua. tibil vith pi ible imn p 



HLA-A2. 1 -restricted lysis ofbre, 
MDA -MB- 1 5 7 -HHD transfectants by CTL induced against 
puiknl-ckrived tumor extract or by 
anti-MUCI-d, > 1 , CI 

To determine the processing and presentation of MUC 1 -derived 
peptides by breast-carcinoma tumors, we selected the MDA-MB- 
157 cell line, which is characterized by high MUCl expression and 

11 1 is i [ 1 I I | ! ' 

their HHD Iransfectants using H23 anti-.MUCl MAb showed high 
MUCl expression (Fig. 4a). No class-I expression was detected on 
parental MDA-MB-157 cells stained with anti-H! A-A2.1 MAb, 
while HHD transfectants reacted with anti-HLA-A2.1 MAb and 
with anti-H-2D b MAb directed against the a3 domain (Fig. 4b,c). 

Both the parental tumor cell line and its HLA-A2.1-p2m 
single-chain transfectant (MDA-MB-157-HHD) were used as 
targets for CTL lysis (Fin. 5). Mice were immunized cither with 
R.MA-S-HHD-B7.I cells loaded with MUC 1 -selected peptides 
MUC1/D6, MUC1/A7 and MUC1/E6, or with peptide extract 
derived from patients' tumors (TE). Preferential lysis of the 
MDA-MB-1 57-HHD cell line was compared with parental cells by 
anti-MUCl -activated lymphocytes or by tumor-extract-activaied 
lymphocytes indicating both breast-associated as well as .VI He- 
restricted lysis. These data strongly suggest that processing and 
presentation of non-TRA-associated MUCl-derived peptides take 
place in MDA-MB-1 57-HHD breast-carcinoma cells. Further 
anulvsts. showed inhibition of lysis by anti-HLAMAb w6/32 (data 
a o hi Moreovei specific lvsis ol MDA-MB-1 57-HHD by 
CTL directed against fresh tumor-extracted peptides indicated an 
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Figure 2 Stabih/a nil I'll 1 r andnormal- 

tissue-exlracted peptides. Peptides >3 LDa were prepared at described. 
RMA-S-HHD cells were loaded as above, in the presence of 0.25 OD 
230 nm (full line) or OD 1 led with BB7.2 

) I r 1 r 1 1 I 1 1 KACS 

Background staining with the second Ab is shown as a dotted line, (a) 

r\ 1 ' inasc *pti Ic; lb/ normal tissii \ ti 

derived peptides. Results are representative of 2 similar experiments 




Effectors 

Figure 3 - Immunogenicify of MUC1 -derived peptides in HHD 
1 1 vlk were immunize. 1 it 11 d ■ tl 

i 1 if ! p 1 1 rl<\ \ S HriO 

B7.1 cells, (a) The cells were loaded separately with individual 

i I it 1 ! 

loaded with single peptides and injected individually. Spleens were 
removed 011 day 10 and -plenocvte., weie rc-stimulatcd in viliv bv 100 
fiM MUC 1 dei pod MF VI f 2 h 37 C 5% C0 2> 

followed by re-stimulation of lymphocytes for 4 more days in 
RPMI-li. I'l S 1 - I < re putumiei ) h 

individual MUCl-derived peptides loaded on RMA-S-HHD as' targets. 
Unloaded: RMA-S-HHD or tyrosinase-loaded targets were used as 

r 11I i 111 ^ 1 

lysis of all 3 peptides, E6, A7 and D6, is statistically significant 
(p < 0.001) compared with lysis of the tyrosinase peptide. Results 
represeirt the average of 3 similar experiments. 



overlapping peptide repertoire between the breast-tumor cell line 
and breast-tumor explants. 

CTL induced by tutai-iumor-cxiraclcd peptide:; Ipse RMA-S-HHD 
puhed with ML C ! '-derived peptides 

To test whether MUC1/D6, MUC1/A7 and MUC1/E6 peptides 
are dominant epitopes in breast-carcinoma-patient-derived peptide 
extracts, CTI. assay was neribnred uad/me C.'Ti. a.gam.-,t breast- 
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Fluorescence intensity 



Figure 4 Expression of MUC1 and HLA-A2.1 single chain on 
MDA-MB-157-11HD cells. MDA-MB-157-HHD transfeetents were 

] i i ' f i 1 i [ i 1 

157 cells were evaluated for expression of HUD (HLA-A2.1 single 
conwared i Hill predion Ml) Ml 7-HHD 
ii. ii .a in I FACS staining for HHD and for MIX i m uk 
v ll 11 1 i I' 

Bi i M \1 28 I 

(dotted line) were used for HLA-A2.1 single-chain expression. Artii- 
MUC1 MAb 1123 was used for monitoring MUC1 -antigen expression. 
R its are represen e expe a 
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Ktcure 5- HI A-\2.1-rcsrrictcd lvsis of the brc; 
line MDA-MB- "A 7- H I [ D trait = fectant by CTI . agair 
i I ! | • i rived rumoi cxm M:i 

I n M n i , . 11 *. i i * i i i 

or with MUC1/A7, MTJC1/E6 and MUC1/D6 peptides loaded on 
RMA-S-HHD-B7. 1 transfectants. Lysis of MDA-MB-157 cells and 

I'd! D breast-caru u i i 

CTI iss - Sp 'il t , i m\ 15 nifi 

cantly higher (p < 0.0006) than that of wild-type MDA-157 larger 
e R Kiii* , experiments. 



tumor-peptide extracts as effectors against target cells presenting 
MUC1 peptides (Fig. 6). As a positive indicator, we used target 
cells pulsed with an HLA-A2. I -bindii i 11 h 1 

KiFGSLAFL, shown to be an immunodominant epitope, recog- 
ii ' > ii ii i 1 ! i i i 1 CTI ni 1 isl ' 

' i 1 I I L 

pej i of I "ii iasi erved as ejalive control. All MFC 1 - 
derived peptides and HER2/neu-dcrived peptide, but not the 
HLA-A2.1 melanoma-associated peptide tyrosinase, could be 
recognized and lysed by anti-tumor extract CTL. RMA-S-HHD 
cells loaded with normal breast extract showed 40 to 60% of the 
lysis I i i i r i 1 i 1 in i 

experiments (fig. 6). This result is not surprising, since a major 
portion of the umor-c cd-| i ' 
nonnal-breast-tissue peptides. Yet, it indicates that some unique or 
over-expressed peptides in the tumor extract are immunogenic in 
HHD mice. 



CTI. induced by \n;a -derived peptides lyse RMA-S-HHD puked 
with tumor extract more efficiently than those pulsed with 

Acrucial parameter for selection of TAA-peptide-bascd vaccines 
is I ion levels in t is com] i 

normal tissues. Since the MUC1 protein is known to be over- 
d in lui hi Urn m-spec cr i m, it is relevant 

to exam in the abu f the * pti i ] i-dei 

normal-breast-tissue extract (NE) in comparison with thai in tumor 
extract (T1A. CTI. wnerutcd at-ainsl MUC1 peptides, MUC1 fx,. 
MUC1/A7 and MUC1/E6 showed 2.7- to 7-fold burner rcacth ky to 
TE vs. NE (Fig. 7). Preferential lysis of tumor-peptide-loaded vs. 
normal i sac pcpl M dheol cduponvacci- 

i ii' i n 'i nig a degree of 

specificity between normal and tumor tissues. These results suggest 
that MUC1/D6, MUC1/A7 and MUC1/E6 arc tumor-associated 
anligen peptides and that CTL induced attains; these peptides might 
preferentially lyse rumors while sparing normal tissues. 
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Targets 



Fk;i:kk 6 Pcptidc-spccitie CTI. responses in paticnt-dcrived-furnor- 
extract-immunired miu v II - f i in ri- pat r-d I 

r 1 , -t ' 1 

Material and Methods. MUC-1, IIER2/neu- or tyrosinase-derived 

ii' I 1 I i ii i i i i n i [i i 1 

extracts loaded on RMA-S-HHD served as targets. CTL lysis of tumor 
e\li ict is veil II i 1 1 ri id 1 

' i 1 ii i Ij ii i rgcl 

lit i ( i 0 04) T.E, tumor extract; N.E, 

normal extract: h:T, 50:1. Results represent the average of 3 similar 
experimcnts. 



DISCUSSION 

The MUC1 tumor-associated antigen has been a focus of interest 
as an antigen in tumor immunology and immunotherapy, as well as 
Kir lb possible role in lumorigciicsis, metastasis and in sii.ni.il 
transduction (Graham et al. 1996; Ho et al, 1993). In the current 
stud., wc examined the potential anti-tumoral use of novel 
MUC I -derived peptides. To this end, we used 111 ID mice, which 
not only express the human HLA-A2.1 class-I allele but also lack 
the ability to present murine epitopes, by virtue of a double 
knock-out deletion of the murine (32 microglobulin and D b genes. 
Since the whole class-l-rcstrictcd-T-ccll repertoire is selected on 
HLA-A2. 1, these mice constitute a suitable animal model for the 
in \ estimation and characterization of human tumor antigens through 
induction of HLA-restricted CTL responses. Eight HLA-A2.1- 
rcstrie'ted peptides derived from the MUC 1 -protein sequence were 
selected according to their calculated MHC-binding affinities 
(Table I, Fig. 1 ) This aj I used in a number of 

studies. Scltc et al. (1994) showed a positive correlation between 

bltldll I I I lie t I I 1 L 1 1 pi I 

while Vitiello et al. (1 997) show eel similar l-cell-epitope select ion 
following immuni7ation with HB\ i I el i 

tides or by HBV DNA immunization. Our data support these 
findings: MUC1/A7, MUC1/D6 and MUC1/E6 peptides show high 
MHC-binding affinity, positively correlated with preferential immu- 



i of targets loaded \ 
i peptides by anti-MUCl-induced CTL, 
(I I assays utilizing anti-MUCl/A7, -MUC1/E6 and -MUC1/D6 or 
nit tumor exti peptide a. i hocytes were performed as 

lose i iheri in V1 ri I i in* t 

lo 1 d d i i r f n s ITIID t i I 

Speeffic ivsis on tumor exsiait by CTI s induced by vaccination with 
hlleieiit peptides was siiuulieai li umal exl 

(p < 0.01). T.E. tumor extract; N.E, normal extract; E:T, 50:1. Results 
represent the average of 3 similar experiments. 

nogenic properties in CTL assays. These results confirm the central 
i il U'l lin i n c mi i nmunodomin 

Anti-MUCl/D6. -MUC1/A7 and -MUCl/E6-activated lympho- 
l j Id i II I 1 ' 

157-HHD (Fig. 5). This rules out the possibility of false-positive 
lysis due lio ii Iti id stronedy su] 

the possibility that MUC1/D6, MUC 1 \7 md Ml XV l;l iti. 
arc processed and presented in the MDA-MB- 157-HHD breast- 
in cell line, h > 1 1 i 
extracts of fresh human tumors show HLA-A2.1 -restricted lysis of 
the MDA-MB-1 57-HHD cell line (Fig. 5). Since the identity of the 
cross-reactive peptides in tumot-c\t ici pepi .. md r ne cell line 
are unknown, testing of CTL induction by immunization with 
tumor-extract peptides against targets pulsed with the 3 MUC1 
peptides confirmed dial these CTL contained sub-populations that 
t 1 is well as CTL that identified a 
IILRV/neu peptide (Fig. 6). Moreover, CTL induced against 
tun oi -extract peptides lyse target cells pulsed with tumor-derived 
peptides more efficiently than target cells pulsed with normal-tissue- 
derived peptides (Figs. 6, 7), though equivalent concentrations of 
both extracts contain similar levels ofTtl,A-A2.l-binding pepddes 
(Fig. 2). The largest group of potential TAA peptides are those 
derived from proteins expressed in normal tissues as well as in 
tumors. Hence, a crucial parameter for selection of TAA-pcptidc 
vaccines is their frequency in tumors as compared with that in 
normal tissues. Our present data showed 2.7- to 7-fold higher CTL 
rencrivity to tumor peptides v* non i 1 iui ted 
against MUC1 -selected peptides MUC1/D6, MUC 1 /A 7 and 
MUCJ/F.6 (Fig. 7). Preferential recognition of tumor peptides but 
.i t io ' -1 p. it Jc> ,-a al o 1 mid uj " - u eii alii ith bre t 
tumor-extract peptides. I he« results reflect observations showing 
I gen ' i t t in ait a ii i i lal is ties 
(Zhang et al., 1997); moreover, they emphasize the possibility of 
inducing anti-tumor immunity in normal tumor-associated over- 
expressed proteins. 



NOV l-X TUMOR, ASSOCIATED MUCl-DERIVED PEPTIDES 



397 



Marty studies have aimed to improve the anti-tuinoral potential 
ofMUCl imriiunoacoic TKA. indeed. :oMiic.cdoi iioii-icsLricLed 
CTL reactivity to TRA epitope-, has been reported (Barnd et ah. 
1989; Domenech el al, 1995; Apostolopoulos el al., 1997). 
However. TRA might suppress I cells, and its role in T-cell 
activation is controversial (King and Longeiicckcr. 1991; Agrawal 
el al, 1998). Moreover, an isoform ofMUCl lacking the tandem 
rep; at arrav was found to be preferentially expressed on breast- 
cancer tissues iBaruch c: al.. 1997). Wc reasoned that MUC1- 

.I'L.'. pitop derK ed n utsi. the TRA ma hi id mta 
geous. since this part of the molecule appears to play an important 

o ii e iransiormati ind th fore li likely to 1 

selected out in the context of antigen- or cpitope-loss variants 
resulting from specific immune responses. Since an immune 



c i > T ii 

the highly immunogenic TRA and arc subsequently partially 
sup sscd oi LinJi ipopio nd wav >t high-affmity 

TRA epitopes or to alternative \!U( I epitopes arc activated and 
ind i hi tin i i dei eu ii m 

full-length MU C i cl )\ A or'from other Ml :(. i allernaliv e!y spliced 
a i it diiiicAt I i i In ition i i Ii 

conclusion, we suggest a role for non-TRA-related MUCAD6, 
MUC1/A7 and MUC1/E6 as tumor-associatcd-amigen peptides. It 
would be of interest to test the ability of these peptides to prime 
PBL in breast-carcinoma patients, as a step t >,\ d the establish- 
ment of MUCl-derived-peptide vaccines. 
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